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Amides of Glucuronic, Galacturonic, and Mannuronic
Acids
By Harriet L. Frush and Horace S. Isbsll

Heretolore the smides of glecuronio, galacturonie, and mannuronic acid were not known,
and methods were not aveilable for their preparstion. It bas aow been found possible to
ulitain the amides of ureni¢ acids from the corresponding l-sminc-uronamides by selective
hydeolysia of the glyesaylaming grovp.  An agueous solution of the l-amine-uronamide js
treated with an acld or a snitabls estion exchange resin that repleces the glycosylamlng
group by a hydroxyl, forming the freq amide.  The new compounds, like the sugars, havo a
free redusing group, and hence they are capable of existlog fo the pyrapose, furances, snd
open-thain forma and of displayiog muterctation. op-Glucuronamdde, p-tugnnuronsmide,
and p-gelactyronanide were separsted in the slphs pyrancss form, The beta pyranose
modifeatlon of pgalacfurenamide wad aleo obfained. The amides are stable ervatalline
substancos, that should prove tobe veafyl representatives of a oew class of varbohydrate

derivatives.
I. Introduction
. HOCH CH.NH;
The devalopment of methods for the production Ho | -

of uronic acuds [1] ? and the recognition of their 'f HOCH
poesibla therapautic uses [2] make desirable the CcH HOCH
inveatigation of the u:[:uino denvatives of these Hclgg ' HCOHE
subatances, I[n a previous paper from this lahg- [ |
ratory [3] it was shown that mannvronic lactone HGoH H?ﬂ
(T} reacts with 2 moles of ammonia, and that the : m':l}ag=0 IlfI)=C;NH=

. . A R m.ﬁ. 1. - i
¢rystalline product, l-aminomannuronamide (IT) Inatoma e mmﬂggi}dﬂrn

contains o glycosylaming group and an amide
group.? It has now been found that similar prod-
ums can be obtained from the esters or lactones

]_lzi
ACOH HCOH

of glucuronic angd galacturonic acids and thay all H D(IH‘I HéGH
threa l-amino-uronamides can be salectively hy- HOCH Hﬂé}H
drolyzed te give new crystalline amides (IIT, IV, ‘J:
¥, VI} of the corresponding urcnic acids. Al- H I OH HOCH
though the amides of & number of sabstituted HOG— H{o-—
uronic acids are known [4], previous attempta to 0=J}—-HH, ﬂ={|:—I~TH,
prepare the unsubstituted amides have heen un- 1L a-p-Man- V. en-Galac
successful, presymably because of contamingtion nurensmide. turonamide
with the l-amino-uronamides. This difficulty has :
now been overcoms by Frst jsolazting the aming- HD£H HégH
uro_namide, and thereafier removing ihe glycosyl- RCOH B é oH
almino group. . ‘ é é

In all three 1-amino-uronamides, the glyeo- HOCH HOCH
sylaming group is so0 labala that it 15 hydrolysed Hﬂ-éH HOOH

! Figuree tn brackets indieats the lterature raferences at the end of this H‘!’U——- H(]J'D—
p:p';r};aumlnaddsuhurmctwﬂhalkylmdmlamJnuhMmhamm O=0—NH; D=(l:—I~TH,
t-amine-orgeamides. A number of thess rompannds and some of cheir ¥. p-p-Galac- ¥1l. a-p-Qluen-
charaotarigtin reaatinne will be deseribed in & futorg pobdkeathor. turonamide. ronsmide,
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tlowly by dilute ocid at room femperatura.
Figures 1, 2, and 3 show the pH titration curves
obtained when 0.1 N HCL was added portion-wise
to 75 ml of & solution containing 0.275 g of the
l-amino-uronamide. Sufficient time was allowed
afier each addition of acid for the pH of the solu-
tion to attain equilibrium. The I-amihoman-
nuronamide used was substantially pure, but the
anslogous derivativez of palscturomic and glu-
curonic acid were amerphous or partially crystal-
line, and, as indicated by the titration curves, had
a purity of 87 and 68 percent, respectively., The
nearly horizontal portion on the left of the curveis
caused by the cleavage of ammonia from the gly-
cosylaming group; the levcling off of the curve at
the Tight of the fizure i= cansed by hydrolysis of
the smide nitrogen. On evaporation, scluticns
obtained mfter the sddition of acid to pH 4 gave
the pure crystalline amide corresponding te the
l-aming-urcnamide nsed.
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Frermar 1. pH fifraion curse for I-aminomannuronemide,

.1 N HCI edded portlonwise to 76 ml of & salution oentakning 0.275 g of
l-aminoraays onam e,

Conversion of the l-smino-uronamide to the
corresponding amide was accomplished in several
ways. The amino compound was freated with
an equivalent quantity of dilufe acid, and the
resulting ammonium salt of the acid employed
waz removed by means of ion-exchangs resins.
When sulfuric acid was used for the hydrolysis,
the ion-exchange resins were unnecessary, and the
suifnte ion was removed by an equivalent quantity
of barium hydroxide. It was also found that ion
exchange resing of the carboxylic aoid type were
partienlarly suitable for hydrolysis of the 1-amino-
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Froure 2. pH fdralion curme for Tasgnogolesiuronomide,

01 & HC1 added portionwlse ta 75 nol of & solitia oonbaiving 0270 ¢ of
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Figure 3. pH {#itrotion curee for I-aminopiucuronamide.

01 N BEC] addsd portiogwles ta 76 ml of & #idtion sonkiolng 0276 £ of
wrode I-aminogluemronamide.

uronantides, and that when these resing were uaed,
previous acid treatment was unnecessary.

The new amides are substituted sugars capahle
of existence in the open chain, nnd the several
ring modifications characteristic of the aldoses,
Two erystalline modifications of galacturonamide
have been jeolated, Ome of these iz an alpha
pyranose analogous to wa-p-galectopyrenose; the
other is a hydrate having the beta pyranose
structure. Mannuronemide crystallizes as an
anhydrous alpha pyranoze, and glucuronamide as
an alpha pyrenosa hydrate.

It waz previously reported [3] thet l-amino-
mannuronamide could be scetylated and that the
crystalline acetats, on deacetylation, wielded
ayetalline 1-Nacetylaminomannuronamide. In
gnalogous manner, 1-N-acetylaminogelacturcn-
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amide hss now been obtained; a‘cumpa.ra.tive
study of the properties of these two substances
will he reported in a later publication.

. Experimental Details
l. p-Mannuronomide

p-Mannuronamide was prepared from the 1-
amino-p-mannuronamide previously reported, by
removal of the glycosylamino group with a cation
exchange resin of the carboxylic acid type, as
follows: Twenty grams of l-aminomannuronamida
was dissolved in 500 ml of water, and the solution
was pasged slowly through a eolumn of cation ex-
change resin? The efflucnt was treated with &
decolorizing ¢arbon, filtered, and concentrated to
& thick sirup, to which methanol was added from
time to time until the total volume was 75 ml.
After 24 hr, the truncated prismas that had fornred
wera collected on & funnel, washed with aqueous
methanol, and dried in & vacuum desiceator; they
weighed 11.5 g A second crop weighing 4.8 g
was obtained by concentrating the mother liguor
and again adding mathanol. Mannurcnamide waa
racrystallized in high yield by dissolving the ma-
terial in waier at room tempersture, concentraiing
the solution to & sirap under reduced pressure, and
cautiously edding methanol as crystallization pro-
eeaded.  After one recrystsllization, mannurona-~
mide melted sharply at a peint between 145° and
150° C, which depanded on the rate of heating.
In 4percent squeous solution, [2]f=-+2.4 (1.4
min}: —10.4° {30 min). Tha properties were un-
changed by further recrystallization. Analysis:
Caleulated for CH,O0N: C, 3731 H, 5.74; N,
7.25. Found: C,37.5:H,59;N, 7.3

Mannyronamide hag aleo been preparad aqually
satisfactorily by the methods described for the
preparation of galacturonamide and glucurona-
mide.

2. l-Aminc-p~galacturonamide

Fifty grams of o-o-golacturonic acid wns con-
verted to the methyl ester by dissolving it in
1,500 ml of a (.02 NV solution of HCI in absclute
methanol and mainteining the solution at 0° C for
65 hr [5]. The methyl galacturonate wans not
isolated, but a stream of dry ammonia gas was
bubbled through the solution until it wss sub-

TAamberkite IR-50, Realnons Irodoots & Chemicaly Co., Thilkdelphis,
Fa.
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stantially saturated, and it was then allowed to
stand for several days in the refrigerator. The
partially crystalline material that separated was
collected on & filter, washed with methanol, and
dried in air. It weighed 24 g. The crude me-
terial gave the following analysis: Caleuiated for
CHON,:  C, 37.50; H, 6.20; N, 14.58. Found:
C, 36.2; H, 6.5; N, 13.3.
1-Aminogalacturonamide = diffieult to purify;
it saparatez from solution as double-refracting
clumps of iIndeterminate structure that sometimes
contain amorphous material. ‘Titration of & solu-
tion of the cruds I-smino-gelacturonamide with
dilute acid gave the curve shown in figure 2. The
inflection indicates a purity of spproximately 87
percent, and shows that the material is largeiy a
glycosyl amine analogous to l-eminomannurono-
mide (ses fig, 1). Three minutes after dissclution
in water the erude l-aminogalacturanamide in
2-percenit solution hod & specific rotation of
-214° On standing there was a gradual drif
in rotation, and after 102 hr [o]%=—24.4%, The
gubstance was used without further purification
for the preparation of erystalline palacturonamide.

3. p-Galacturonamide

Te 20 g of erude 1-nmino-p-galacturonamide
diszolved i 500 m] of water, 145 ml of 0.7 N H.20,
was added gradually over the course of 2 hr. The
resulting solution was then treated with an axactly
equivalent quantity of a solution of harium hy-
droxida in order to remove sulfate ion. Tha
mixture was filiered, and the filtrate coneontratod
under reduced pressure to a thick sirep, which
crystallized after standing for 2 days in 3 vacuom
degiccator over c¢alcium chloride. The crystals
wera seperated, washed with agueous methanol
oud air-dried; they weighed 150 g A amall
second crop was separated from the mother liquor.

In 4 separate experitnent the ammonium and
sulfate ions were Temoved by successive passage
of the acid-treated solution through colurmns of
eation and anion exchanpe resins.* and the amide
was obtained from the sffiuent in approximately
the satne yield &s that reported above,

Galacturonamida crystallizes in both the alpha
and bete modifications. The former is anhydrous,
the Jatier a monohwydrate, To prepers the beta
modifieation, 10 g of the crude galscturcnarmide

A Teg-Box B and De-Acdidits, Partukit Co., Mew York, . Y
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was dizsolved with slight warming in 10 mil of
water, and the solution was treated with o de-
colorizing carbon, filtered, and allowed to stand
for 2 hr at room temperature. Ethanol was then
added almost to the point of turhidity {approxi-
mately 60 ml). Tn the course of several heors,
long, slender priems separated abundantly. The
eryatals were collected on a filter, washed with
agueons ethanol, and air-dried ; they weighed 7.7 .
Additional materinl was reclasimed from the mother
liguor. A-Galzcturonnmide hydrate was twieo re-
crystallized by the method deseribed. Analyais;
Calealated for C H, 0N H O C, 34.12; H, 6.21;
N, 6.63. Found: C, 34.2; H, 6.5; N, 6.9,

f-Galacturonamide monohydrate is stable in
air, but when heated in a vacunm oven at 60° O, it
glowly loses water. In & melting point fubo
hested at about & deg a minute, tha aubstance
melts at 113° te 116° C, It then resolidifies and
melts with decomposition at 1727 to 178° 0. In
4-percent aqueous solution [a]5=—21.4° (3 min);
+14.6% (22 hr}.

By crystallization in the following manner
anhydrous x-galacturonemida was obtained: Ten
grams of pure S-galacturonamide monohydrate
waa dissolved in 20 ml of warm water, and the
solution was filtered with the aid of & decolorizing
carbon and concentrated in vacuum to a thick situp
(rnp=1.507). Thirty milliliters of Lot methancl
was added, and the mixture was kept in a stop-
perad flask at a tamperature of 60° C for a pericd
of 4 hr. a-Galeciuronamide crystallized in good
yield in slender flat plates, which were separated,
washed with methanol, and air-dried. The yield
wae'8 g, Analysis: Caleulated for CH,,ON: C,
a7.3l; H, 574; N, 7.25. Found: C, 37.3; H,

A9 N, T2

o-Galacturonamide melta with decomposition
al 172 to 178° ©, i soluble in water, slightly
soluble in methancl and ethanol, end insolyble in
ether. In 4-pereent aqueous solution [aly = +80°
(3 min}; -+15.9° (22 hr).

4. 1-N-Acetylamine-p-galacthuronamide

In the procedure described below, l-aming-o-
galacturonamide was acetylated and the O-scetyl
groups of the sirupy acetate were removed by
ammoniacal methanol to yield 1-N-acetylamino-
galacturonamide. Five grams of finely powdered
1-nininogalacturonamide was added to an iee-cold
mixture contining 20 ml of acetic auhydride and

gl2

50 ml of pyridine. The suspension was shaken at
0% C for 20 min and at room temperature for 138
hr* Ten welumes of petroleum ether were then
added in order to precipitate the acctate, which
separated as a sirup® The sirupy phase was
axtracted successively with several portiens of
petrolonmn ether and finally was dissolved in
methannl, The methanolic solution was saturated
at 0° C with smmonia and concentrated under
reduced pressure to a sirup that was then extracted
three times with isopropyl ether. When the
residua was dissolved in » few milliiters of cthanel
and allowed to stand, large rectangular prisms
separated from the solution in the eourse of 2 days.
The yield of crude product was 3 g.

Ta recrystallize, N-acetylaminogalacturonsmide
was dissolved in six parts of hot water. The solu-
tion was filtered and eooled to roem temperature,
and isopropanol was added almost to the point of
turhidity. The hydrated ecrystals, large rectan-
gular pristng, when air-dried, melted af 103° to
107° C, [all=—48.17 (water, ¢=2). The con-
stants were unchanged after further orys-
tallization. Analysis: Calceulated for
(CH, 0N 5HL: €, 34.41; H, 6.86; N, 10.03;
H:0, 16.13. Found: C, 34.6; H, 6.9; N, 10.0;
H;(, 15.8,

B, l-Amine-p-glucuronamide

Six prams of pure glucurone was suspended in
12( m] of ahsolute mothanol at 0° C, and a stream
of dry ammonia gar waz passed into the solution
until it was substantially saturated. The material
was stored for several days in the refrigerator,
and during thia time a flocculent amorphous
precipitate formed. When separated, and dried
over ealeium chloride in a vacvum desiccator, it
weighed 3.5 g. In 2-percent aqucous solution the
crude material showed a gradual change in specific
rotation over the course of many days.
[ef®=—14.0° (5 min); —7.9° (28 hr); —3.0°
{5 days).

Figure 2 ghows the change in pH when a solu-
tion of the crude l-aminoglucuronamide was
titrated slowly at room temperature with 0.1 N
geid, The inflection is lesz sharp than that of
T3 Tha eetplation mizture ssined o sking geap-bige coke, which dis-
wipesred dbowly aiter the addition of petroloum ebher.

1 Extraction with chloroform wod 1and to b Improctivsbls bt of the
Taladividy high solgbdllty of the éoude seetate [owmter, To one propsrstion
the aentylntlon micoere wan poured mte ioe water, wod sbiter sveral

chloroform €xtraetiond, most of the aretats waa atill present in the squecus
partion,
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the titration eurve of l-aminomanmuronamide
but indicates the presence of a glycosyl amina
with a purity of approximately 68 percent. ‘The
crude l-aminoplycuronamide was used without
purification for the preparation of crysialline
glucuronamide.

6. p-Glucuronamide

Crude 1-emino-n-glucuronamide (3.1 ¢) was dis-
solved in 50 ml of water, and 128 ml of 0.09%3
N H() was added over the courss of 1 hr.; the
pH of the resulting solution was 3.0. The mata-
risl was then passed throwgh columns of cation
and anion exchange resing * to remove ammoenium
chloride, and concetitrated under reduced pressure
to a thin sirup, which erystallized on addition of
methanol. The crystals weighed 2.35 p.

To recrystallize, one patt of the glucuronamide
was dissolved in three partz of water with shght
warming. The solution waa filtered with the aid
of a decolorizing carbon, and isoprepyl aleohol
was added almost to the point of turbidity.
o-Glucurcnemide tooochydrate crystallized in
high yield in the form of slender prisms, which
were separated after 24 hr and dried in a vacunm
desicoator over caleium chioride. Heated slowly,
they melted at 113° to 117° C, resolidified, and
finally decomposed above 150% C. [aff=4-78°
(3 min); 4-31.8° (22 hr) (water, ¢c=2). Anal-
yeia: Caleulated for OH,O0,N.H,D; O, 34.12;
H, 6.21; N, 6,63, Found:C, 34.2; H, 6.2; N, 6.7.
[

III. Summary

Methods are reported for the preparation of the
amides of mannuronic, galasturonic, and gluen-
ronic acids. It hns been found that the correspond-
ing l-eming-yronamides prepared by a method
previously reported are selectively hydrolysed at
room femperature by dilute acid, which replaces
the glycosylamine group by hydroxyl. After re-
moval of the ammonium salt of the acid employed,
the free uronamides wera crystallized. These sub-
stances, like the sugars, have a free reducng group
gnd hence are capable of existing In the pyranoss,
furanose, and open-chain forms, and of displaying
muiarotation,

p-Mannuronnmida CH/{O:N, truneated prisms,

T Amberfits TR-100-H and IR-4-B, Besioous Products snd Chemloals

Co., Philadsiphls, Pa.; other commeralalty available jon axchangs resing
are eally eatisfartory.
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meHing point 145° to 150° O with decomposition,
has a specific rotetion, {a)f, of +2.4° (1.4 min}
changing in 30 min to —10.4° (water, c=4). It
thus appears to be an alpha pyranose modification.

p-Galacturonamide eryetellizes in two medi-
fications: an eohydrous alpha pyrencse form,
CH 0N, slender flat plates, melting point
1729 40 178° ¢ with decomposition, has a specific
rotation, {elf, of +80° (3 min), and +15.9°
(22 hr) (water ¢=4); a beta pyrencss hydrate
C.H,0,MN. Hy0, long slender prisme, melting point
113° to 116° © with decomposition, has a specific
rotation, [a)®, of --21.4° (3 min), and +14.6°
(22 hr) (water, c=4).

By low-temperature acetylation of l-eminogal-
scturonamide followed by deacetylation with sm-
monia, 8 crystallinehydrate of 1-N-acetylamino-
galacturonamide was obtained, (CH; 0N, ) 5H0,
which melted at 102° to 107° C, and had & specific
rotation, [a]k, of —48.1° (water, ¢=2).

p-Glucuronamide was obtained by selective
hydrolysis of crude 1-sminoglucuronamide. The
erystals, long slender prisms, were found to be an
alpha pyranoee hydrate CH,0,N.H O, meliing
peint 113° to 117° €. [offf= 1+ 78° (3 min);
431.8° (22 hry {water, c=2),

The authors are indebted te Nancy B. Holt for
a=sistance in various phases of the work, and to
Rolf A. Paulson for the analyses reported in this

PApET.
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